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Abstract: Face judgments of dominance play an important role in human social interaction. 
Perceived facial dominance is thought to indicate physical formidability, as well as resource 
acquisition and holding potential. Dominance cues in the face affect perceptions of 
attractiveness, emotional state, and physical strength. Most experimental paradigms test 
perceptions of facial dominance in individual faces, or they use manipulated versions of the same 
face in a forced-choice task but in the absence of other faces. Here, we extend this work by 
assessing whether dominance ratings are absolute or are judged relative to other faces. We 
presented participants with faces to be rated for dominance (target faces), while also presenting a 
second face (non-target faces) that was not to be rated. We found that both the masculinity and 
sex of the non-target face affected dominance ratings of the target face. Masculinized non-target 
faces decreased the perceived dominance of a target face relative to a feminized non-target face, 
and displaying a male non-target face decreased perceived dominance of a target face more so 
than a female non-target face. Perceived dominance of male target faces was affected more by 
masculinization of male non-target faces than female non-target faces. These results indicate that 
dominance perceptions can be altered by surrounding faces, demonstrating that facial dominance 
is judged at least partly relative to other faces. 
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Introduction 
Aspects of facial appearance that convey impressions of physical dominance can 
influence human social interaction in many ways. For example, facial cues to dominance have an 
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effect on personality judgments and perceived emotional states (Oosterhof and Todorov, 2008). 
Perceived dominance is correlated with impressions of maturity, masculinity, and physical 
prowess, and dominant-looking faces appear less fearful and more threatening (Oosterhof and 
Todorov, 2008). Facial cues to dominance predict real-world voting behavior; people with faces 
that appear more dominant are more likely to attain leadership positions in politics (Olivola and 
Todorov, 2010; Rule et al., 2010) and the business world (Rule and Ambady, 2009, 2011). 
Humans are more likely to follow the gaze of dominant-looking individuals (Jones et al., 2010; 
Ohlsen, van Zoest, and van Vugt, 2013) and selectively attend to cues of social dominance (at 
least in men; Maner, DeWall, and Gailliot, 2008). Collectively, these studies highlight the 
significance of facial cues of dominance in human interactions. 
Facial dominance may function as a cue to aggressiveness, resource holding potential, 
and physical formidability (Fink, Neave, and Seydel, 2007; Parker, 1974; Watkins, 2011). 
Injuries found in ancient human skeletons (such as skull fractures) suggest that physical conflict 
was abundant in our ancestral environment, likely leading to a great proportion of fatalities and 
thereby serving as a strong selection pressure on human psychology (Bowles, 2009; Walker, 
2001). Physical dominance likely had a great influence on human mating behavior (Puts, 2010), 
with dominant males outcompeting rival conspecifics for access to females. Physical and verbal 
aggression correlate with testosterone levels (Archer, 1991; Mattsson, Schalling, Olweus, Low, 
and Svensson, 1980; Olweus, Mattsson, Schalling, and Low, 1980, 1988), and faces of people 
with high testosterone levels are perceived as more physically dominant (Moore et al., 2011). 
Second-to-fourth digit ratio, a putative indicator of pre-natal testosterone levels (Lutchmaya, 
Baron-Cohen, Raggat, Knickmeyer, and Manning, 2004), has also been found to correlate with 
facial dominance (Neave, Laing, Fink, and Manning, 2003). Given the relationships between 
perceived facial dominance and testosterone and between testosterone and aggression, it may be 
particularly important to attend to facial cues to physical dominance to avoid unfavorable 
confrontations with possible rivals. Indeed, impressions of dominance from facial images can be 
made with exposure to faces as short as 39 ms (Carre, McCormick, and Mondloch, 2009). 
Recent studies have found that the perception of dominance can be influenced by 
personal and social context. For example, shorter men are more likely to perceive masculinized 
faces as dominant than taller men (Watkins, Fraccaro, et al., 2010), and men who scored lower in 
dominance on personality scales are more likely to perceive masculinized faces as dominant than 
men who scored higher in dominance (Watkins, Jones, and DeBruine, 2010). Likewise, shorter 
women and women who perceive themselves to be of low dominance are more sensitive to 
dominance cues in women’s faces (Watkins, Quist, Smith, Debruine, and Jones, 2011). 
Knowledge of weapon possession increases perception of the possessor’s size, reflecting the 
strong mental association between threat and physical formidability (Fessler, Holbrook, and 
Snyder, 2012). Perception of an individual’s dominance is also increased after observing others 
respond to that individual in a fearful way (Jones, DeBruine, Little, Watkins, and Feinberg, 
2011).  
Taken together, the aforementioned studies indicate that perceived dominance may not 
necessarily be a static, stable attribution; rather that it can be influenced by contextual cues. It is 
possible that judgments of a target individual’s dominance are made without consideration of 
others in the environment. Alternatively, if perceived dominance is a proxy of physical 
formidability, it is conceivable that judgments of dominance could be altered by the apparent 
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dominance of others in the same environment. One can see how assessments of dominance made 
relative to others would be advantageous to making judgments of single faces in isolation. 
Physical contests have likely had a very large impact on human mating systems throughout 
history (Puts, 2010), and have been crucial to access to resources and territory (McDonald, 
Navarrete, and van Vugt, 2012). In an environment where physical altercation would be nearly 
inevitable (and where not competing would cost an individual access to potential mates and 
resources), judging possible opponents on a relative scale would allow for selectivity in 
prospective encounters. Furthermore, given the prominence of intergroup conflict in ancestral 
times (McDonald, Navarrete, and van Vugt, 2012), relative judgments of dominance would 
provide the opportunity to attempt to form bonds with the most dominant conspecifics, rather 
than just any dominant-looking person. Indeed, forming alliances with dominant-looking 
individuals may not be advantageous if that person is still below the average physical prowess of 
the local population. Assessments of dominance made relative to others in an environment would 
be more valuable in evaluating potential rivals and partners than judgments made independent of 
others. 
Experimental research studying the effects of facial dominance has typically presented 
individual faces to be rated for dominance (e.g., from 1 = low to 7 = high; Burriss and Little, 
2006; Mueller and Mazur, 1996; Neave et al., 2003). Alternatively, a single face can be 
manipulated to alter dominance (e.g., by masculinizing or altering the sexual maturity of the 
face), and two versions of the same face can be presented in a forced-choice task to assess which 
version appears more dominant (e.g., Swaddle and Reierson, 2002; Watkins et al., 2011). One 
study examined how perceived dominance of a target face is affected by seeing prior stimuli of 
others responding to the face in a fearful manner (Jones et al., 2011). These methods present one 
face at a time (or two versions of the same face), yet to the authors’ knowledge no studies have 
examined how perceived dominance is affected by other, separate identities in the same visual 
environment. Previous studies have found that pairing a target face with another face can affect 
how attractive the target appears (Little, Burriss, Jones, DeBruine, and Caldwell, 2008; Little, 
Caldwell, Jones, and DeBruine, 2011). Given the theoretical value in judging dominance relative 
to others, it is possible that perceived dominance of a target individual could be influenced by 
others in the visual surroundings. 
In the current study, we assessed how judgments of dominance from faces are affected by 
the sex and masculinity of other faces in the visual environment. To this end, we simultaneously 
presented two distinct faces (a target face and a non-target face) to assess whether dominance 
judgments were made relative to other faces or if dominance is evaluated independently. Since 
masculine faces are perceived as more dominant compared to feminine faces within sex 
(Johnston, Hagel, Franklin, Fink, and Grammer, 2001; Perrett et al., 1998), we used 
masculinized and feminized versions of both male and female non-target faces to assess whether 
dominance level or sex of face had an impact on perceived dominance in the target face. If 
dominance is rated relative to others, target faces may appear less dominant when paired with a 
masculinized non-target face than when paired with a feminized face, irrespective of the sex of 
the non-target face. Furthermore, target faces may appear less dominant when paired with a male 
non-target face than a female non-target face, irrespective of the masculinity level of this face. 
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Materials and Methods 
Stimuli 
 Facial photographs of 47 men (mean age = 25.25 years, SD = 4.64 years) and 83 women 
(mean age = 23.04 years, SD = 3.81 years) were obtained from a commercially available 
database (www.3d.sk). All individuals were Caucasian, had their hair pulled back, and were 
photographed under constant lighting and camera set-up. Face images were standardized on 
inter-pupillary distance. All faces were delineated with 189 points for use with Psychomorph 
(Tiddeman, Burt, and Perrett, 2001). 
Ten male and 10 female face composites were created for experimental testing using a 
subset of the images described above. Each composite was created by averaging the faces of a 
random selection of three men or three women (Rowland and Perrett, 1995). No composites had 
visible facial hair. Composites are advantageous in face perception research, as they reduce the 
likelihood of unique facial characteristics or irregularities present in individual faces that may 
affect social perception. 
 Additionally, we created an average male face using all 47 men’s faces and an average 
female face using all 83 women’s faces. The inequality in the number of male and female faces 
was present in the original sample obtained, and we used all available faces in producing 
averages to capture the average face shape of both sexes in our sample (though previous studies 
have reported that adding additional faces makes little visual difference to face composites 
comprised of 16 faces or more in a homogeneous population; Langlois and Roggman, 1990). 
These averages served as “prototypes” to use in facial masculinity transforms. Each face 
composite was transformed in facial masculinity by applying ±50% of the shape difference 
between the male and female prototype (Tiddeman et al., 2001). The transformation process uses 
prototypes to define an axis upon which to alter a face. In this case, the composites were 
transformed by the vector differences in corresponding delineation points on the male and female 
prototypes. This created masculinized and feminized versions of the same face composite (see 
Figure 1). Similar transforms have been used to successfully manipulate perceived dominance in 
men’s and women’s faces (e.g. DeBruine, Jones, Crawford, Welling, and Little, 2010; Perrett et 
al., 1998; Watkins, Jones, et al., 2010; Watkins et al., 2011).  
 
Participants and procedure 
Forty-three participants (22 women, 21 men; mean age = 31.00 years, SD = 11.47 years) 
completed the study online. The study was approved by the institutional ethical review board.  
All participants indicated their sex and age and gave informed consent. 
The experimental task presented viewers with two faces next to each other on a computer 
screen. The target face (the face being judged) was on the right, and was an unmanipulated 
composite. The non-target face (the face paired with the target) was presented on the left, and 
was a masculinized or feminized version of one of the face composites (see Figure 1). The target 
face was always presented on the right and the non-target face on the left to avoid any confusion 
on the participant’s behalf.  
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Figure 1. Examples of eight types of experimental trials. Each trial consisted of two faces. 
Target faces (right) were paired with non-target i) masculinized and ii) feminized non-target 
faces (left) on separate trials in four conditions: A) female target with female non-target face, B) 
female target with male non-target face, C) male target with female non-target face, and D) male 
target with male non-target face  
 
 
Each target face was paired with four stimuli in four separate trials: a masculinized and 
feminized version of a randomly chosen male non-target face, and a masculinized and feminized 
version of a randomly chosen female non-target face. Thus, the entire test was comprised of 80 
trials: 20 targets x 2 sexes of non-target face (male and female) x 2 degrees of masculinization of 
the non-target face (masculinized or feminized). In each trial, the face on the right was labeled 
“RIGHT” and the face on the left was labeled “LEFT.” Participants were asked to “Please take a 
look at these two faces. Please rate how physically dominant you think the person on the RIGHT 
is.” The term “physical dominance” was chosen to avoid confusion with other attributions, such 
as social dominance (Puts, Hodges, Cardenas, and Gaulin, 2007). The face pairings were 
presented in random order. Participants rated the dominance of the face on the right on a scale 
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from 1 (extremely submissive) to 7 (extremely dominant).  
 
Analysis 
 For each participant, we averaged dominance ratings for each of the following categories: 
sex of target face (male or female), sex of non-target face (female or male), and masculinity level 
of non-target face (masculinized or feminized). Each participant therefore had eight averaged 
ratings of dominance in the analysis. Inter-rater reliability was high for each of these eight 
averaged ratings (average Cronbach’s α = 0.92). 
 We conducted a 2 (sex of target face) × 2 (sex of non-target face) × 2 (masculinity level 
of non-target face) x 2 (participant sex, between-subjects) mixed-design ANOVA to determine 
how each of the categories influenced dominance ratings of the target face.  
Results 
A 2x2x2x2 ANOVA revealed a main effect of the sex of target face, F(1,41) = 13.71, p < 
.01, ηp
2
 = 0.25, with men being rated as more dominant (M = 4.42 out of 7, SD = 0.49) than 
women (M = 3.95, SD = 0.63). There was also a main effect of the sex of non-target face, 
F(1,41) = 11.07, p < .01, ηp
2
 = 0.21, with dominance ratings of the target face being lower when 
the non-target face was male (M = 4.07, SD = 0.50) than female (M = 4.30, SD = 0.46). There 
was a main effect of the masculinity of non-target face, F(1,41) = 18.73, p < .01, ηp
2
 = 0.31, with 
lower dominance ratings of the target face when the non-target face was masculinized (M = 4.11, 
SD = 0.43) than when it was feminized (M = 4.25, SD = 0.42; see Figure 2 for illustration of 
main effects). There was no significant two-way interaction between any of the variables, and no 
between-subjects effect of participant sex (all Fs[1, 41] ≤ 4.04, all ps > .05). There was a 
significant three-way interaction between sex of target face, sex of non-target face, and 
masculinity of non-target face, F(1,41) = 8.39, p < .01, ηp
2
 = 0.17. 
To interpret the three-way interaction, we ran separate 2x2 ANOVAs (sex of non-target x 
masculinity of non-target face) for male and female target faces. Both sex of non-target face 
(F[1,41] = 10.57, p < .01, ηp
2
 = 0.21) and masculinity of non-target face (F[1,41] = 6.01, p = .02, 
ηp
2
 = 0.13) had significant effects on dominance ratings when the target face was female, with 
target faces being rated as less dominant with male non-target faces and with masculinized 
versions of non-target faces. There were no significant interactions between sex of non-target 
face and masculinity of non-target face when the target sex was female, nor was there a between-
subject effect of participant sex (all Fs[1, 41] ≥ 3.42, all ps > .05). 
Sex of non-target face (F[1,41] = 9.74, p < .01, ηp
2
 = 0.19) and masculinity of non-target 
face (F[1,41] = 18.81, p < .01, ηp
2
 = 0.31) both had significant effects when the target face was 
male, with target faces being rated as less dominant when paired with male non-target faces and 
with masculinized versions of non-target faces. There was also a significant interaction between 
sex of non-target face and masculinity of non-target face when the target face was male, F(1,41) 
= 10.03, p < .01, ηp
2
 = 0.20, with the difference in dominance ratings between masculinized and 
feminized versions of the non-target face being greater when the non-target face was male than 
female, t(42) = 3.22, p < .01, Cohen’s d = 0.68 (see Figure 2). There were no other significant 
interactions, nor was there a between-subjects effect of participant sex when target faces were 
male (all Fs[1, 41] ≤ 1.30, all ps > .05). 
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Figure 2. Dominance scores across eight different conditions with standard error bars 
 
Note: All factors are within-subjects  
Discussion 
The results of the current study indicate that non-target faces in the visual environment 
influence dominance perceptions of target faces. Target faces were rated as less dominant when 
the non-target face was male than when it was female. Furthermore, target faces were perceived 
as less dominant when the non-target face was masculinized than when it was feminized.  
Perceived physical dominance is thought to represent the resource acquisition and 
holding potential of conspecifics (Parker, 1974; Sell et al., 2009; Watkins, 2011). It may 
therefore be useful for dominance to be perceived relative to others in an environment, rather 
than judged on an absolute scale. Given the inevitability of physical altercation throughout 
human history, it may not have been suitable for a perceiver to base decisions to confront others 
exclusively on whether a potential opponent is more formidable than oneself. Instead, it may 
have been advantageous for the perceiver to also consider whether they were relatively more 
likely to defeat the target opponent than another. Furthermore, knowledge of dominance rank 
within an environment would allow individuals to advantageously select others to form alliances 
with. Aligning with formidable allies may not be beneficial if that partner’s potential enemies are 
even more daunting. Indeed, previous studies indicate that perception of physical dominance is 
influenced by contextual cues such as perceiver size and dominance, as well as third-party 
reactions towards a target (Jones et al., 2011; Watkins, Fraccaro, et al., 2010; Watkins, Jones, et 
al., 2010; Watkins et al., 2011). The current results extend this work by showing that dominance 
perception of a target individual is influenced by the apparent dominance of others in the visual 
environment. 
 The current results show that, given a target male face, masculinization of the non-target 
face had a greater effect when the non-target face was male rather than female. This interaction 
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was not present when the target face was female. The interaction found with male target faces 
could be further evidence of assessments of dominance being made on a relative basis. Men are 
typically larger than women (Gaulin and Boster, 1985) and are stronger than women beyond 
what can be accounted for by size alone (Abe, Kearns, and Fukunaga, 2003; Lassek and Gaulin, 
2009; Mayhew and Salm, 1990). The force of a physical blow (e.g., a punch in humans) 
increases as a cubic function of mass, yet the ability to resist a blow increases as a square 
function at most (Gaulin and Sailer, 1984). This means that men can inflict greater physical 
damage than women at a force disproportionate to size differences alone. Women therefore pose 
less risk to people in physical combat compared to men. It follows that the perceived dominance 
of male targets would be less affected by the masculinization of female non-targets than of male 
non-targets. These findings suggest that the effect of non-target faces on perceived dominance 
incorporates information on the relative dominance of men and women, as well as level of 
masculinity within these sexes. 
 The current study design asked participants to rate physical dominance. Though some 
previous studies of dominance have asked participants to simply rate “dominance” (Burriss and 
Little, 2006; Watkins, Fraccaro, et al., 2010; Watkins, Jones, et al., 2010; Watkins et al., 2011), 
other studies have attempted to divide dominance into physical dominance (size, strength, etc.) 
and social dominance (social status, popularity, etc.; Puts et al., 2007). Evolutionary theory 
suggests that physical dominance may be a more salient cue for men’s intrasexual competition, 
whereas social dominance may be more important to women (Andersson, 1994; Puts, 2010). 
This difference could lead to separate effects of facial masculinization (associated with 
perception of physical size and strength) on perceived dominance in men and women. Indeed, 
previous studies have found that masculinizing men’s faces increases the perception of both 
physical and social dominance, whereas masculinizing women’s faces increases perceived 
physical dominance and feminizing women’s faces increases perceived social dominance 
(Watkins, Jones, et al., 2010; Watkins et al., 2011). The current study found no significant 
differences between dominance ratings for male and female participants, though future research 
could attempt to disentangle physical and social dominance, and examine how each is influenced 
by non-target faces. 
 There was no significant difference in dominance ratings between male and female 
participants in any condition. Judgments of dominance of target faces were affected by the sex of 
the non-target face (at least when the target face was male); thus it is perhaps surprising that 
there were no interactions with participant sex. Assessments of physical dominance may be more 
relevant in an intrasexual context rather than an intersexual context (that is, men compete and 
form alliances more frequently with other men and women with other women), and so one might 
expect that dominance ratings are influenced by the sex of the perceiver. It is possible that the 
experimental task and setting allowed participants to make objective judgments of dominance 
without regard for their own physical dominance. That is, participants may have rated the 
dominance of targets relative to the non-target faces, but may not have judged dominance in 
relation to themselves. Such objectivity would produce effects regarding the experimental 
stimuli, but not the perceiver. Future studies could examine the role of perceiver sex in similar 
experiments by creating tasks that encourage participants to rate dominance in relation to 
themselves.  
It is possible that perceived dominance was affected by low-level shape contrast effects. 
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Contrast illusions are well-documented in psychological literature (see Aglioti, Desouza, and 
Goodale, 1995; Franz and Gegenfurtner, 2008; Glover, 2002). Dominance perception is based in 
part on differences in facial shape (Jones et al., 2010; Perrett et al., 1998), in that squared, 
angular facial features may enhance the perception of dominance. Shape perception can also be 
influenced by exposure to other shapes (Regan and Hamstra, 1992). It is unlikely, however, that 
the results of the current study are due entirely to these types of low-level processing. Although 
judgments of shape are relatively straightforward, dominance perceptions of target male faces 
were affected by masculinity for male non-target faces, but not female non-target faces. The 
interactions between the sex of the target face, sex of the non-target face, and masculinity level 
of the non-target face suggest that the effects of non-target faces on dominance judgments of 
targets in the current study were more complex than would be expected by simple low-level 
shape contrast effects. 
The effects found here suggest that dominance judgments of target faces are made 
relative to other faces in the visual area. This is not to say that such effects reflect a simple 
contrast of one face against another. Previous research has found that the rated attractiveness of a 
target face of the opposite sex is increased by pairing it with an attractive face of the same sex as 
the perceiver (Little et al., 2008). Conversely, pairing a target face of the opposite sex with an 
attractive face of the same sex as the target decreases rated attractiveness of the target (Little et 
al., 2011). These studies demonstrate that attractiveness is not judged entirely in terms of 
contrasts (otherwise, placing an attractive face next to a target would consistently diminish the 
target’s attractiveness), but rather that context mediates the effect of pairing a target face with an 
attractive or unattractive face. In the current study, pairing a target face with a masculinized non-
target face did not consistently reduce the apparent dominance of the target face. Instead, the 
apparent dominance of a target male face was relatively less affected by the masculinity of non-
target female faces than non-target male faces. Conversely, no such interaction was found when 
the target face was female. These findings may reflect the fact that men are significantly more 
powerful than women on average (Abe et al., 2003; Lassek and Gaulin, 2009; Mayhew and 
Salm, 1990), and thus the apparent dominance of a female non-target has somewhat less bearing 
than a male non-target on the perceived dominance of a male face. The cognitive complexity 
revealed by such an interaction suggests that the effects reported here are not due entirely to 
simply contrasting one face next to another, as then masculinization of both male and female 
non-target faces should have similar effects on the apparent dominance of male and female 
targets. Instead, it would appear the effects found here may require extra cognitive processing to 
assess dominance of a target face in relation to both the sex and masculinity of the non-target 
face. Such complexity may be expected if dominance judgments are constructive in making 
decisions about approaching or avoiding potential allies or foes. 
The task used in the current study simply asked participants to rate the dominance of a 
target face, while not specifying the role of the non-target face. Recent studies have 
demonstrated that hypothetical opponents are perceived as less formidable by male raters who 
are in the company of male friends than by male raters who are alone (Fessler and Holbrook, 
2013), and dominance contests often take the form of intergroup battle, especially amongst men 
(McDonald et al.,  2012). It is therefore conceivable that the presence of dominant individuals 
would enhance the apparent dominance of another if they were perceived to be cohorts who may 
fight together. The results indicate that dominant non-target faces reduced the apparent 
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dominance of target faces in the current study, suggesting that participants were not interpreting 
the two faces as members of the same “team.” Instead, it would appear that participants rated 
physical dominance in relation to the non-target face. Future studies could elucidate how the 
presence of one face alters the apparent dominance of another face when the faces are placed in 
the context of competition or cooperation. 
The methodology used in this study saw the target face presented on the right side of two 
faces. Fixing the target at the right side was done to avoid confusion as to what face the 
participant was to rate. There are possible limitations to this method. Given the consistency of 
side order, participants may have been able to ignore the face on the left (the non-target face). 
Indeed, side biases in visual perception could lead an individual to attend to one side relatively 
more than the other, as is found in other cognitive tasks (Uttl and Pilkenton-Taylor, 2001; 
Geldmacher, Doty, and Heilman, 1994). The participants in the current task, however, were 
explicitly instructed to view both faces before rating the target face. The results indicate that 
target faces were rated relative to non-target faces, suggesting that participants did indeed 
process both faces as instructed. The decision to present target faces consistently on one side 
follows previously established methods (Little et al., 2008, 2011); however, future research could 
present target faces on both sides in randomized order. 
 Studies examining perceived dominance have typically presented faces one at a time 
(Burriss and Little, 2006; Watkins et al., 2011). The current findings suggest that perceived 
dominance is affected by the presence of other faces. Previous research using single-image 
ratings of dominance have been extremely valuable in establishing the role of dominant 
appearance in social interaction and mate selection (see Watkins, 2011). The current work 
extends those findings by revealing that dominance is not judged in isolation, but rather is 
affected by the others in the population. Researchers could build off the current findings by 
creating experimental paradigms with multiple faces. For example, recent research has 
demonstrated that dominance judgments of business leaders’ faces correlate with company profit 
(Rule and Ambady, 2008). Ostensibly, this relationship may be strengthened if dominance 
judgments of a target leader were made relative to other business leaders. Likewise, judgments of 
fighting ability (Sell et al., 2009) may be more accurate when rating a face in comparison to 
other possible opponents.  
 The current study is the first to assess how perceived dominance is influenced by 
dominance cues in surrounding faces. The results here suggest that non-target faces play a large 
role in perception of a target face, and indicate that evaluations of dominance are not made in 
absolute terms, but are made in relation to faces around them. 
Received 30 July 2013; Final revision submitted 30 December 2013; Accepted 05 January 
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